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Abstract
Rhipicephalus microplus is the ectoparasite responsible for large economic losses in cattle 
herds. The aim of this study was to investigate the in vitro action of leaf extracts of Pro-
tium spruceanum on resistant strains of this tick. Ethanolic extracts (EE) and ethyl acetate 
extracts (EAE) of P. spruceanum leaves were used against engorged females and larvae 
by biocarrapaticidogram and larval package (TPL) tests. Chromatographic analyses were 
performed using a gas chromatograph and showed the presence of the flavonoid catechin 
in both extracts and the terpenoid β-amirine only in EAE. EE and EAE were not effective 
in altering the mortality of engorged females; however, 92% of females treated with the 
extracts reduced the postures and > 90% of larval hatching was inhibited at 100 mg/ml of 
extracts. Acaricidal efficacies were > 80% for 100 mg/ml EE and > 90% for EAE at 50 mg/
ml. In TPL tests, EE and EAE promoted larval mortality > 88% at 100 mg/ml. In this study, 
EAE was more effective against adult females and larvae than EE, representing an alterna-
tive agent for the integrated control of R. microplus.
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Introduction

Rhipicephalus microplus (Canestrini) is one of the most economically relevant ectopara-
sites of cattle, presenting a wide geographic distribution in tropical and subtropical regions 
(Canevari et  al. 2017). It causes a reduction in the profitability of farms by devaluing 
leather and considerably reducing the milk production and weight gain of cattle (Jonsson 
2006; Gomes et al. 2011; Grisi et al. 2014) and is responsible for the transmission of sev-
eral pathogens of Babesia spp. and Anaplasma spp., causing tick-borne disease (know as 
‘Tristeza Parasitária’ in Brazil) (Roy et al. 2017).
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The use of ectoparasiticides has promoted environmental contamination, exposed 
rural workers to toxins, and contributed to the accumulation of chemical residues in 
milk and meat, creating a public health risk (Waal and Danaher 2014). It is hoped that 
plant-derived acaricidal material does not present these problems, or at least not to the 
same extent. Such treatments have been proposed in order to reduce the use of carapa-
ticides (Broglio-Micheletti et al. 2009; Chagas 2004) and the use of plant metabolites 
from plant extracts (Martins et al. 2018) has emerged as a potential tool for an alterna-
tive control method for this tick (Chagas and Rabelo 2012).

Brazil includes approximately one third of world’s flora, which, in addition to being 
extensive in number of species, is highly diversified, allowing for great exploration of 
its phytotherapeutic capacity. One of the main biomes present is the Cerrado, which 
contains areas of palm swamps and swamp forests (veredas) that function as water 
sources (Nunes et al. 2015). Plants of the Burseraceae family are widely present in this 
biome and the genus Protium is one of the most frequently occurring (Siani et al. 2004; 
Flora do Brasil 2018a). Protium spruceanum (Benth.) Engler is commonly known as 
breu or almécega and is a large plant (up to 20 m high) that is found in the Amazon, 
Atlantic Forest, and Cerrado (Flora do Brasil 2018b; Vieira et al. 2010). The extracts 
of this plant are traditionally used for anti-inflammatory and analgesic effects, which 
is attributed to the presence of α and β-amyrins (Amparo et al. 2018; Rodrigues et al. 
2013). However, the acaricidal activity and complete chemical composition of the leaf 
extracts from this species are not completely known. In this study, we evaluated the 
chemical composition and acaricidal effects of leaf extracts of P. spruceanum against 
R. microplus larvae and engorged females.

Materials and methods

Plant collection and identification

Leaves of P. spruceanum were collected in the Água Doce Basin in the Municipality of 
Bonito de Minas, Minas Gerais, Brazil (15°13′18.7″S and 44°55′21.2″W). This region 
is in a transition zone between the Cerrado (Brazilian savanna) and Caatinga (shrub 
dry forest) biomes and contains a variety of phytophysiognomies: riparian forest, dry 
forest, savanna vegetation, and vereda (Nunes et  al. 2015). The climate is tropical 
humid and dry (Aw de Köppen), with dry winters and rainy summers and an average 
annual precipitation and temperature of 920  mm and 26.8  °C (Alvares et  al. 2014). 
Collected leaves were carefully inspected and those with gross lesions or damage were 
discarded. The selected materials were dehydrated under forced air circulation (TE 
394/4, Tecnal Equipamentos Científicos Tecnal, Piracicaba, SP, Brazil) at 38  °C for 
72 h, crushed in a blender, and stored in paper bags in the dark at 4  °C (Nery et  al. 
2010). Plant identification was carried out by comparison to the morphological charac-
teristics and representative parts of species deposited in the collection of Montes Cla-
ros Herbarium, Minas Gerais (MCMG) of the Universidade Estadual de Montes Claros 
(UNIMONTES) under the voucher number 5060. All the material was processed in the 
Laboratory of Parasitology of the Instituto de Ciências Agrárias of the Universidade 
Federal de Minas Gerais and Vegetation Ecology Laboratory of UNIMONTES.
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Extract preparation

Ethanolic extracts (EE) and ethyl acetate extracts (EAE) were obtained macerating dried 
leaves at a ratio of 100 g of powder per 1000 ml of solvent and kept in amber glass contain-
ers in the dark for 7 days. After this period, the extracts were filtered with gauze and evapo-
rated in a forced circulation oven at 40 ± 5 °C (Krychak-Furtado 2006). Three samples of 
2 g of plant extract for each extraction type were used for analysis of dry matter at 105 °C 
(Association of Official Analytical Chemists, AOAC 1990).

Extract characterization (CG‑EM)

Derivatization of extracts

For derivatization, aliquots of extracts (1  mg) were dissolved in 60  μl of pyridine and 
100  μl of BSTFA [N,O-bis (trimethylsilyl) trifluoroacetamide] containing 1% of chloro-
trimethylsilane. The reaction mixture was heated at 60 °C for 30 min (Jang and Kamens 
2001).

Characterization of the extracts

The derivatized extracts were analyzed with an Agilent Technologies gas chromato-
graph (GC 7890A) equipped with electron impact ionization detector (CG-EM) and 
DB-5MS capillary column (Agilent Technologies, 30 m length × 0.25 mm internal diam-
eter × 0.25 μm film thickness). Helium (99.9999% purity) was used as carrier gas at the 
rate of 1 ml/min. Using a self-injector (CTC combiPaL), 1 μl of the solution was injected 
into the chromatograph at a 1:10 split ratio. The split/splitless injector was maintained at 
290 °C. The chromatographic column was heated initially to 80 °C, maintained at 80 °C for 
5 min, and heated at a rate of 4 °C/min to 260 °C for 10 min. After compound separation, 
the temperature was raised to 300 °C and maintained for 2 min (post run). The interface 
temperature was maintained at 280 °C and the ionization was performed using 70 eV. The 
scanning range of m/z was from 30 to 600 Da and the all procedures were performed in 
triplicate. Individual components were identified by comparing their mass spectra (MS) 
and retention indices with those reported in the previous studies and with the Wiley Regis-
try of Mass Spectral Data, 6th edn (Wiley Interscience, New York) (Adams 2001).

Adult female immersion test

Engorged adult females of R. microplus were collected from Gyr X Hosten cattle, naturally 
infested, in Coração de Jesus, MG, Brazil at least 60 days after the most recent use of aca-
ricide. The collected ticks were placed in plastic containers and ticks larger than 4–6 mm 
were selected, washed with distilled water, placed on paper towels, and divided into groups 
of five females each based on the degree of engorgement and weight (Leite 1995). The 
effects of EE and EAE were evaluated at concentrations of 25, 50, 75 and 100  mg dry 
matter mg/ml and prepared in 5% Tween 80 (v/v) solution. Distilled water with 5% Tween 
80 and pure distilled water served as negative controls. As positive controls, the following 
chemicals products were used: 0.025 mg/ml Cypermethrin (Butox, MSD Animal Health, 
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São Paulo, Brazil), 0.5  mg/ml Supona or 2-chloro-1-(2,4-dichlorophenyl)vinyl diethyl 
phosphate (UCB, Uzinas Chimicas Brasileiras S/A, São Paulo, Brazil), and 0.25  mg/ml 
Amitraz (Triatox, MSD Animal Health, São Paulo, Brazil), all diluted as recommended by 
the manufacturers.

Acaricide effectiveness was evaluated by an immersion test as described by Drummond 
et al. (1973). For each replicate, five ticks were immersed in 5 ml of test solution for 5 min. 
Excess solution was removed with a paper towel, and ticks were placed in a Petri dish and 
maintained at 28 °C and 70% relative humidity in a BOD incubator. All procedures were 
performed with five replicates.

After 15 days of incubation, the egg mass for each group was measured using an ana-
lytical balance, transferred to 3 ml disposable syringes, sealed with hydrophilic cotton, and 
kept at 28 °C and 70% relative humidity as before transfer (Drummond et al. 1973). Thirty 
days after the start of hatching, syringe contents were transferred to Petri dishes, and 3 ml 
of a solution containing water and detergent (50:50%) were added. After, three aliquots of 
200 μl of this suspension were added to glass slides for counting unlaced eggs and larvae 
under a stereoscopic microscope to determine the hatching rate of each group. All proce-
dures were performed in triplicate (Vasconcelos et  al. 2018). Five researchers evaluated 
each replicate.

To determine the oviposition capacity (CO), a modified version of the formula described 
by Bennett (1974) was used:

The efficacy of treatment (product efficacy) was estimated using the equation from 
Drummond et al. (1973):

Efficacy was calculated for each replicate using the mean value of reproductive effi-
ciency (ER) of the negative control for the ER control group value. A randomized design 
was used to compare the four extract concentrations with the two negative control treat-
ments and the three commercial acaricides (positive control) treatments. The tests were 
repeated five times then the data were transformed and subjected to analysis of variance 
and the mean values for each group compared using the Scott–Knott test (α = 0.05). The 
concentration of EE and EAE sufficient to inhibit 90% of hatching  (CI90) were estimated by 
probit analysis using the statistical package Saeg 9.1.

Larval packet test (TPL)

The methodology of Stone and Haydock (1962) was followed with modifications. Lar-
vae of up to 15 days old post-hatching were used. Extract efficacy was evaluated at con-
centrations of 25, 50, 75 and 100 mg/ml and compared to the efficacy of a negative con-
trol consisting of distilled water with 5% Tween 80 and a positive control consisting of 
0.25 mg ml−1 Amitraz (Triatox, MSD Animal Health).

Approximately 200 larvae were inserted into 6 × 6  cm filter paper bags (What-
man nº1) for each replicate. Bags were sealed with metal clips and impregnated by a 
given test solution, after which each group of replicates were deposited in Petri dishes 

CO = (weight of egg mass∕initial weight of female) × 100.

ER (reproductive efficacy) = (egg weight × %hatching × 20, 000)∕initial weight of females,

EP (product efficacy) = ((ER control group−ER treated group)∕ER control group) × 100.
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and incubated under the same conditions as described for the engorged adult females 
for 24  h. These bags were opened on a white surface and the live and dead larvae 
quantified.

The relative number of dead larvae divided by the total number of larvae was compared 
between treatments using an analysis of variance test and the means in a completely rand-
omized design in which p ≤ 0.05. The concentrations required to kill 90% of larvae  (CL90) 
were estimated using the probit regression analysis of the statistical package Saeg 9.1.

Results

Extract characterization

The chemical compositions of the extracts are shown in Figs.  1 and  2. Forty one com-
pounds were identified in EE and 27 compounds were identified in the EAE (Table  1). 
The compounds glycerol, galactopyranose, d-glucose, hexadecanoic acid, inositol isomer, 
octadecanoic acid, isomer of catechin and catechin were presents in EE and EAE extracts. 
However, the compound β-amirine was detected only in the EAE extract.  

Effects of extracts on engorged females of Rhipicephalus microplus

The treatments of engorged females with EE extract of leaves of P. spruceanum or Cyper-
methrin did not promote female mortality and were not effective in reducing their CO at 
the evaluated concentrations (p > 0.05). However, EE concentrations of ≥ 75 mg/ml signifi-
cantly reduced the mean percentages of hatched larvae relative to the negative controls. 
The Amitraz-containing positive control completely inhibited tick larvae hatching (Table 2, 
p < 0.05). All EAE concentrations of P. spruceanum leaves reduced the oviposition ability 
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Fig. 1  Chromatogram of the ethanolic extract of the leaf of Protium spruceanum 
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of engorged females compared to negative controls containing 5% Tween 80. The concen-
trations of 75 and 100 mg/ml of EAE and amitraz promoted the lowest larval hatch rates 
(p < 0.05, Table 2).
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Fig. 2  Chromatogram of the ethyl acetate extract of the leaf of Protium spruceanum 

Table 1  Percentage of the main compounds identified by gas chromatography in leaf extracts of Protium 
spruceanum 

n peak number, RT retention time (min)

Ethanol extract Ethyl acetate extract

n RT Compounds Area (%) n RT Compounds Area (%)

1 15.1 Glycerol 2.07 1 15.2 Glycerol 1.47
4 22.9 Pyroglutamic acid 0.29 10 33.3 Galactopyranose 1.94
9 28.5 2-Aminoeptanodioic acid 0.74 14 37.1 Hexadecanoic acid 19.08
11 28.9 Xylitol 0.72 15 38.0 Inositol 1.45
15 30.5 Ribonic acid 0.25 17 39.3 Hexadecanoic acid 0.78
22 33.3 Galactopyranose 2.60 21 41.0 Oleic acid 0.22
26 35.6 Talose 4.34 22 41.5 Octadecanoic acid 3.80
28 37.1 Hexadecanoic acid 2.77 24 53.1 β-Amirine 20
29 38.0 Inositol 5.74 27 54.8 Catechin 0.52
32 40.9 Oleic acid 0.75
34 41.5 Octadecanoic acid 0.80
38 49.3 Α-d-glucopyranoside 14.25
41 54.8 Catechin 0.70
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EE at 100  mg/ml promoted acaricidal efficacy of 81.9% and the  CL90 for EE was 
estimated to be 115.22 mg/ml. The efficacy of this extract was statistically higher than 
that observed for Supona (61.2%) and Cypermethrin (5.87%), whereas Amitraz showed 
100% acaricidal efficacy. For EAE, concentrations ≥ 50  mg/ml promoted acaricidal 
efficacies > 92%, which were statistically similar to those detected for Amitraz and 
higher than for other concentrations of EAE, Cypermethrin, and Supona (p < 0.05). 
The  CI90 for inhibition of larval production for EAE was estimated to be 45.82 mg/ml.

Table 2  Mortality, oviposition capacity, hatchability, and of female of Rhipicephalus microplus treated with 
ethanol extract and ethyl acetate of leaves from Protium spruceanum and their acaricidal effectiveness

Means within a column and within extract type followed by the same letter do not differ significantly by 
Scott–Knott’s test (p > 0.05)
*Means obtained by the equation from Drummond et al. (1973)
a Supona (2-chloro-1-(2,4-dichlorophenyl) vinyl diethyl phosphate, Uzinas Chimicas Brasileiras, São Paulo, 
Brazil)
b Cypermethrin (Butox MSD Animal Health, São Paulo, Brazil)
c Amitraz (Triatox, MSD Animal Health)
d Positive control
e Coefficient of Variation

Treatment (mg/ml) Oviposition capac-
ity

Hatchability (%) Effectiveness (%)*

Ethanol extract
 100 31.88 b 9.15 b 81.93 a
 75 26.02 b 24.00 c 58.10 b
 50 32.72 b 58.83 e 25.19 c
 25 34.10 b 78.23 f 0 d
 Suponaa 21.89 a 31.82 d 61.20 b
 Cypermethrinb 36.73 b 54.83 e 5.87 d
 Amitraz (imidine)c 7.22 a 0 a 100 a
 Tween 80 (5% in water)d 17.49 a 92.61 g –
 Distilled  waterd 40.28 b 93.58 g –
 CV (%)e 40.30 8.73 16.57

Ethyl acetate extract
 100 6.78 a 1.01 a 99.58 a
 75 12.11 a 5.15 a 96.16 a
 50 4.26 a 26.63 b 92.28 a
 25 8.84 a 57.67 c 68.63 b
 Supona 21.89 b 31.82 b 61.20 b
 Cypermethrin 36.73 c 54.83 c 5.87 c
 Amitraz (imidine) 7.22 a 0 a 100 a
 Tween 80 (5% in water) 17.49 b 92.61 d –
 Distilled water 40.28 c 93.58 d –
 CV (%) 47.86 10.51 11.00
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Effects of extracts on larvae

The highest concentrations of EE and EAE (≥ 75 mg/ml) applied to tick larvae promoted 
88.3% and 81.3% mortality, respectively, which was significantly higher than the mortality 
observed for the 5% Tween 80 negative control (Table 3). The  CL90 for tick larvae treated 
with EE and EAE were 101.92 and 79.31 mg/ml, respectively. The Amitraz (imidine) pro-
moted 100% of mortality (Table 3).

Discussion

In this study, the EAE of leaves from P. spruceanum was more effective at inhibiting the 
oviposition and hatchability of the larvae than the EE. A potential mechanism of EAE 
function is interference with the conversion of blood ingested by tick females to eggs, 
which has also been reported for the EE of Capsicum frutescens (Vasconcelos et al. 2014). 
The higher efficacy of EAE may be associated with the potential of ethyl acetate to extract 
apolar chemical constituents that can better permeate tick cuticles (Silva et al. 2007; Vas-
concelos et al. 2014).

EE was not effective in inhibiting R. microplus tick oviposition. Catto et al. (2009) eval-
uated the efficiency of Protium heptaphyllum stalk EE at 25 mg/ml and observed only 35% 
inhibition of CO.

Both EE and EAE were able to significantly reduce hatching rates of R. microplus lar-
vae. Other studies in vitro evaluating plants of the same family as P. spruceanum have also 
reported significant efficacy against other species of ticks. Kalala et al. (2014) evaluated the 
action of stem exudate of Commiphora swynnertonii (Burseraceae) on engorged females 
and larvae of Rhipicephalus appendiculatus and found that this exudate at 5 and 10 mg/ml 
totally inhibited larval hatching and showed 100% effectiveness in controlling this tick spe-
cies. Another study evaluated hexanic extracts from leaves of Commiphora erythraea and 
reported 100% efficacy towards control of Dermacentor variabilis and Amblyomma ameri-
canum (Carrol et al. 1989). Finally, a study using stem bark of Bursera simaruba (Burser-
aceae) on R. microplus larvae produced 99.1% mortality (Rosado-Aguilar et al. 2009) and 

Table 3  Mortality larval of 
Rhipicephalus microplus treated 
with ethanol and ethyl acetate 
extract of leaves from Protium 
spruceanum 

*Positive control
**Amitraz (Triatox, MSD Animal Health, São Paulo, Brazil)
***Coefficient of variation

Treatment (mg/ml) Ethanol extract (%) Ethyl 
acetate 
extract (%)

100 88.30 b 93.63 b
75 81.31 c 90.95 c
50 70.56 d 71.15 d
25 32.40 e 34.79 e
Tween 80 (5% in water)* 0 f 0 f
Amitraz (imidine)** 100 a 100 a
CV (%)*** 2.87 2.06
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in Kaoneka and Mollel’s study (2012), EAE of C. swynnertonii at 10 mg/ml caused 70% 
mortality of R. appendiculatus larvae.

Some investigations have indicated that the inhibitory effects of plant extracts on tick 
hatchability can be attributed to the degradation of calf granules, which serve as a reservoir 
of hemeproteins (Guizzo et al. 2012). The energetic female requires the hemoglobin from 
the digestion of the bovine host blood to synthesize its hemoproteins, from which the eggs 
must obtain all heme that will be used in embryo development (Logullo et al. 2002).

In this study, when evaluating the effects of extracts on mortality of R. microplus lar-
vae, it was found that EAE was more effective than EE and that EAE was more effica-
cious against engorged females compared to the larvae, acting mainly to reduce posture 
and hatchability.

Differences in acaricidal efficacies of evaluated extracts against engorged females and 
larvae may be related to cuticle structures of both life stages. The cuticle of the engorged 
females is composed mainly of lipids (Chagas et  al. 2002), therefore the use of apolar 
extracts increases water loss to the environment due to cuticle removal, allowing vegetal 
extract penetration and favoring greater efficiency. This action is less pronounced in larvae 
because the lipid layer only appears after changes during the nymph phase of R. microplus 
(Santos et al. 2013).

Catechin, a flavonoid, was detected in both extracts and β-amyrin, a terpenoid, in EAE 
alone. In addition, the β-amyrins have been identified in all vegetative parts of the genus 
Protium (Bandeira et al. 2002, 2007; Maia et al. 2000) and have anti-inflammatory, analge-
sic, and antimicrobial properties (Amparo et al. 2018; Rodrigues et al. 2013).

In this study, the EAE of P. spruceanum showed high efficacy and contained β-amyrin, 
while low EE showed low efficacy and appeared to lack β-amyrin. β-Amyrin has the capac-
ity to produce synergistic mechanisms with other classes of substances and act in several 
physiological systems (Rodrigues et al. 2013).

Other terpenoids, such as limonene and myrcene, also have toxic effects on arthropods 
(Peterson and Coats 2007). In lepidopteran larvae, terpenoids inhibit the glucose and ino-
sitol stimulatory mechanisms in chemosensory receptor cells present in the oral cavities of 
these arthropods (Gershenzon and Dudareva 2007).

Flavonoids have significant antiparasitic activities and when applied to arthropods can 
cause repulsion (Habeeb 2010), feeding and ovulation impairment, developmental disor-
ders, deformity, infertility (Ghosh et al. 2015), death (Dantas et al. 2015), and interference 
with the synthesis of nucleic acids or proteins. The ability of flavonoids to interfere in the 
reproductive activity of R. annulatus ticks was shown by Juliet et al. (2012) using 100 mg/
ml of Leucas aspera (Lamiaceae) and 50  mg/ml of Jatropha curcas (Euphorbiaceae), 
which inhibited 100% and 90% larval hatching, respectively. These effects were attributed 
to the flavonoids acacetin and apigenin. In another study, Adenubi et al. (2018) isolated the 
flavonoids apigemine and isorhoifoline from the hexane fraction of extracts from leaves of 
Calpurnia aurea (Fabaceae) and showed 90% and 70% acaricidal efficacy, respectively, on 
R. turanicus, of both compounds at concentrations of 100 mg/ml.

The results obtained in this study, together with previous work, indicates the presence 
of acaricidal compounds in leaf extracts of Burseraceae plants that are effective against 
tick larvae. Different mechanisms of action may be involved, modulated by the exact sub-
stances present in the extracts, which may contribute to the smaller amounts of resistance 
to bioacaricides obtained from plants of this family.

The effects of leaf extracts of P. spruceanum highlight their potential use in alterna-
tive programs of integrated control of R. microplus or as a treatment option in production 
systems focused on organically raising of cattle. This plant has a high potential for leaf 
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production (Flora do Brasil 2018b) and could be exploited in a sustainable manner, since 
the leaves would be easily regenerated with no need to remove specimens from their cur-
rent environment. The acaricidal potential of the leaves of this plant demonstrated in this 
study highlights the importance of preservation of the Cerrado and trails that may harbor 
other plant species with acaricidal effects.

EAE and EE of P. spruceanum were effective at reducing hatchability and showed 
inhibitory activity towards females and larvae of R. microplus. These extracts are easily 
produced since these plants are common and widespread in the Cerrado biome, making 
extracts from this plant a viable and sustainable approach of controlling R. microplus ticks 
of cattle reared in this region. Toxicological tests and in vivo analyses are essential to iden-
tify appropriate dosages and application frequencies necessary before promoting these 
extracts as alternative acaricides for the control of R. microplus.
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